Introduction

59
The regulatory role of heterotrimeric G-proteins was one of the first 60 signaling mechanisms to be studied in depth in eukaryotes and 61 represents a classical paradigm in signal transduction (Rodbell et al., 62 which is provided by a unique helical insert just N-terminal to the region showed that the β subunit fits tightly into a slot formed by the α-helix 117 N-terminal to the core GTPase domain and the GTPase β-sheet in the 118 region of the G2 motif (Lambright et al., 1996) . The β subunit has the 119 bi-helical N-terminal extension to the β-propeller, which forms a 120 helix-helix coil with the corresponding bi-helical unit in the γ subunit.
121
Further, the γ subunit has a conserved "squiggle" comprised of a single 122 helical turn and an extended region at the C-terminus, both of which are 123 inserted into pockets formed by the two terminal blades of the 124 β-subunit's propeller ( Fig. 1) (Lambright et al., 1996) . In most Gαs the 125 N-terminal helix of the α-subunit is processed at the second glycine and 126 modified by a lipid chain that facilitates its association with the 127 membrane (Escriba et al., 2007; Wensel, 2008) (Fig. 2) . Likewise, most γ 128 subunits are processed to reveal a C-terminal cysteine, whose side chain 129 is farnesylated or geranylgeranylated and carboxyl group is methylated 130 ( Fig. 2) (Escriba et al., 2007; Wensel, 2008) . This allows the βγ to 
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(A) A cartoon representation of the heterotrimeric G-protein (PDB: 1got). Gα is colored in orange, whereas the α-helical insert is shown in grey color; Gβ is colored in green and Gγ in purple. The substrate GDP is shown as spheres. Interacting residues are colored as follows: red: residues in Gα (N-term helix) interacting with Gβ; Blue: residues in Gβ interacting with Gα (N-term helix); magenta: residues in Gα interacting with Gβ; green: residues in Gβ interacting with Gα; purple: residues in Gγ interacting with Gβ; teal: residues in Gβ interacting with Gγ. (B) Gα with RGS. A cartoon representation of the Gi-RGS4 complex (pdb: 1agr) is shown. Gα is colored in orange, with the insert shown in grey color and RGS is shown in blue color. Residues in RGS interacting with Gα are shown in red color. Interacting residues in Gα are shown in green and cyan colors. P-loop is marked by a box. N-terminal helix of Gα is only shown partially. (C) A topological representation of Gα is shown. The active site motifs are labeled in yellow. The 45 conserved positions that are unique to Gα when compared with the ARFs are labeled in blue ovals. The numberings correspond to the "idealized" Gα (hybrid of transducin and Gi) represented by pdb: 1got. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) adjustments based on profile-profile alignment, secondary structure 222 information and structural alignment. Consensus secondary structures 223 were predicted using the JPred program (Cuff and Barton, 2000 signaling that were not apparent in the classical models. 
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Based on the above conservation patterns we detected Gβ subunits in 539 all eukaryotes with Gαs except in Trichomonas (Fig. 3) . Interestingly, none 540 of the genomes in which we observed an LSE of Gα, showed a concomitant 541 expansion of the Gβ subunit (Fig. 3) 
551
Currently all organisms possessing a Gβ also possess a Gγ, indicating the 552 obligate functional interaction between the two across eukaryotes. inactive Gα in slimemolds (Fig. 4) from animals, all of which tend to show a high degree of similarity.
619
We used the new information from the RGS domains from across the 620 eukaryotic tree (Fig. 3, supplementary material (Fig. 4) . throughout eukaryotic evolution (Fig. 4) the PH domain are also observed stramenopiles and Naegleria, and to the 782 C2 and PX domains in Naegleria (Fig. 4) . Additionally, Naegleria encodes interacts with the trimeric G protein G alpha i3, is a member of a protein family with a nervous system and shares a conserved domain with many mammalian proteins.
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